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were measured at the end of cach min, of y 6-min. run at an absolute workloal 35
of 6 mph, 0% grade on the treadmill, %f Group II had a significantly 1dvor
HR at each min of work but_po dxffcrcnce existed in RPE between groups at any
time during the nm. At Tj, both groups showed a significant decrease in IR
ard RPE during cach min when compared longitudinally. The data suggest that
the perception of the intensity of absolute work does not differ ir groups
differing in thuir level of fitness when studied cross-sectionally. However,
significant reductions in perccwed exertion occur following physical trammoﬁ
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 1he purpose of this study was to ccopare the rating of pefceived
exerticn (RFE) ard heart rate (MR} in two Qrcups-of 60 nilitery personnel
whe differed in their level of fitness as detarmined by ﬁo; max., At an
fnitfal testing period (T,). Group I vepresented a sarple of personnel
not participating in a training progran while Croup I1 had engaged 1n an
endurance program (2-4 mile vun/day) for S months. Six months later (T,),
Groups f and II were retested after having participated'in the program for
6 eand Vi months, respectively. RPE and HR were measured at the end of each
wiin of 2 6-min run at an absolute workload of 6 mph, {% grade on tﬁe tread-
mill. At T3, Group 11 had a significantly lower HR at eaéh min of work but
no difference existed in RPE between groups at any time during the run. At
T2, both groups showed a significant decrease in HR and RPE during‘each min
when compared longitudinally. The data suggest that the perception of the
fntensity of absolute work dces nci differ {n groups di®fering {n their
Tevel of fitness when studfed cross-sectionally. However, significant

reductions in perceived exertion occur follawiry physical training.

Index terms: Cross-sectfonal study, longitudinal study, maximal oxygen

upiake, submaximal ventilation
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Intratuctior

Durirg the past few years 1t has become evident that perceptual responses

to physical work ercatly complement the physiologica]‘indicators conronly uscd

1

in exercise studies (7,0,15). Indecd, the subjective rating cf the intensity

oi exertion as perczived by the indiviaual has been proved a relisole and

valid physiological stress indicator (5,5). _chever; measurements of physfc-

4~1ng€c5!~—-perce§tu3\-responses of work {ntensity in:the evaluation of physical.

tr2ining programs have received 1i1ttle emphasis and have met with confiicting
results (7,8,i1).

As>part of a large-scale study designed to evaluate ﬁhe efficacy of &
physical training program in a U.S. Army infantry divfsion, the opportunity
wa3 presented to evaluate both the physiological and perceptual responses to
physical “raining. {he objective of the precent experiment was to determine
whether differenqes exist in the perception of an absoluie worklsad in greups
differing 1n'the1r‘1eve1 of fitness and whether it changes as fitness charges

with a training program.

Mothods

Subjects were 80 young male military personnel who underwent two tests = 1

(T1 and T2 ) of physiological-perceptual evaluation which were separated-by a

period of 6 months. At Ty , two groups of 4G cubjects each were comprised as

follows: Group I was a sample of persannel who had just been assigned to the

divicion and therefore, had not, as yet, participated in the physical training
program; Group II consisted of subjects who vere selected randoinly fiom units

within the division who had been participating in the training program for a
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peried of & months., At T3, all subjects from both GrOupsiI and 11 were

retested after having becn in the training program for 6 and 11 menths,

st 5 ey

! .respectfve1y.
‘ The physical training program consisted of a dafly (5 days/week)
one-hour mandatory physical trainiry sesston which was coﬁurised of & | . %

calisthenic warm-up folioved vy a ¢-4 mile run at 5-7 mph,

»
A e - iy Fe g

: - w~esion.0 -Maximal oxygen.uptake (V0 max) was. deternined. on A3l subjzctsiusing .. wies i
3 modified version of the interrupted treadmill tess described by Tay'lor, |
Buskirk and Henschel (16). Each subject perfcrmed a submoximal warm-up at

an absolute workload of 6 mph, 0% grade for 6 minutesg This was folloved

by from 2 to 4 interrupted runs of 3-4 minutes dura;ion until a plateau in

oxygen uptake occurred with increasing werkload. A 5-10 minute rest pariod

was allowed between runs. Expired air was collected in Douglas bags during
the last minute of each workload énd analyzed with & Becknan F-2 C; analyzer
and a Beckjan L8-1 CO2 ana]yzer; Expired afr volumes were measured with a

vk Collins chain-compensated gasometer. Heart rate was recorded during the

final minute with a Hewlett-Packard Model 1811 electrocardiograph. Al
subjects were exp1a1hed the objectives of the study, familiarized with the

testing procedures, and signed an informed consent statement prior to

p]
participation. _
i: . During the last 15 secs of each minute of the 6-minute absolute workload,
%i " heart rate (HR) was recorded and the subjects were asked toc give a rating of

i perceived exertion (RPE) according to the psychophysical scale devised by

: ?, 5; - Borg {4). This scale is numbered from 6 to 20 and the uneven numbers are

! anchored with descriptive terms (i.e., 7, very, very 1ight; 9, very light;




11, Tairly Vieht; 13, somcuhat hard; 15, hoody V7, very hardy 19, vers,
very havrd), Subjccts were 1o1d to coumbina 011 sensiticns ard teelings of
physical stress, ceffcrt end fatioue and to thus concentrate on their tetal

feeling of exertien.

A series of tvo-way analvses of variance for rencated measures were

R T

A sunmary of the pnysical characieristics and indicos of the level cof
fitncss of hoth.groups durirg each testing session is prosented 1n Vable I.
No differences were seen in physical charactoeristice hetusen the two arcups
from eitiier a2 cross-sectional or lengitudinal aprrowch, With rospect 72
physiclogical data, Group II at Ty had a significantly higher V0, max (7%}
end lower HR submax compared to Group I. This suguesis a significany

difference in the iovel of cardiorespiratory fitness belween the twn Groups.
From a Yongitudinal CV&’U&IiOﬂV(Tz vs T3), Group I shownd a significant
training affect as evidenced by an increased VY3, max (b%) and a decroased
HR submax. SGroup 1i did not show a further improverent in 2crobic powar
but did snow a siygnificant decrease in HR zubmax.

Figure 1 shows the HR and RPC taken at the end of each minute o7 the
6-minute absolute workload (6 mph, C% grade) in Groups I «nd II'at Ty. Thisz
represents a cross-sectional comoarison'of perceptual responses, HR incrcased
Tirearly with time reaching a steady-stete by 5 minutes of exercise. A signifi-
Eantly lower HR 1s seen at each minute of work in Group II ccmpared to Group

_reaching a mean difference cf 14 b/win by the 6th minute. RPE is aléo seen to

increase Tincarly with time but no difference occurrcd in RPE between the two

groups at any point in the 6-minute run during the pretest.

P oy e ) e e = s BRI D I SS PN ST S S SR S T TS DURT R
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) dééreaséd signifiéantly (T, Vs.f,) amcunting to 13 b/m.n during the fimal

v R X

| duriny each minute of the run with continued physical training.

[

4
RPE and HR values with ahsclute work in Croup I during hoth T, and 7, ;
are shown in Figura 2. This represents, tharefore, a lonoitudinal compari#on %
. o ’ 4
ef the training progran. HR again {s seen Lo increase 1inear1y with time ;
- during excrcise. As a result of 6 months in th; training p*ﬂgrgm, the HR %

pR—

minute of exercise. (o'rPSprnd1nq1/, the BPt also dncre sed appr~v4rate1v »
1 ﬁPfhﬁﬁEiqéi'f:’ n]tho gn th.s de not a 1arce d1f.ererfe (11 1 at f;hJs PR
9.9 at T, at 6 minutes), it was significant (p<.05) during each minute of
the workload. _

Figurc shows the HR and RPE in aroup IT at both T, ano T,. A significent
decrease in HR submax of 8 b/min was seen at Ta. The HR-RPE relationship again

did not change on a longitudinal basis as RPE also decreased sigaificantly ;

.Figure 4 shows the HR and RPE data for the two groups compared on a cross-

sectioral basis during T,. No differences in HR or PPE occurred at 2ny timz

during the 6-minute absolute workload.

" Submaximal and maximal ventilations (VE) for each group at both testing
periods is shown in Figure 5. VE submex was taken during the inal m1nut° of
the 6—q1nute abeolute wo. kload. At T,, VE submax was s1gn1f*cart1y 10wer in

Group Ii compared to Group I but this was a difference of only 5 1/min, By

T2, botﬁ groups showed a significant decrease in VE submax of approximately

9 llmin.\ With respect to VE max, it was somewhat higher (4 1/min) in Group 11

compared}to Group T at T, but this was not significant. During the 6-month
training period, however, Group I showed a significant increase in ? max of

approximately 10 1/min. Group 11 alse showed a slight ingreasa 1n 9 max. with

continued training but this was not significant.
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Tha Tinear retetionship Leiweor PR and REE durdis subaaxvol-excesdse. |
has tzen domoaztrited by saver2l Investiizzvere (3,13,1€), ladead, i most
work situacions HN nirrors -the physical sircin-subiz2ctively caperienced. |
On the other hird, RPL hxs been shown net cc fellow KR, per se, when euercising
uidar ihé influeice of heat Q4) or Crugs (8). In the present siudy, the
HR?RPE‘retatinﬁshir vaS also fowd to changejbe?ween.twn groups wia divfered
in thgir level of fitness when studied using a cress-sectional design. The
data showed that thé-percepti:n of the fntersity of an absoiuts workload is
nct reflecied by differcnces in-aerobic power dve to training., This is5- -
somewhat surpricing sinte one would intuitively sxpest that a wore fit
fndividi. | would perceive an absnlute werklcad as be2ing lesz strenuous. This
would be due presumadly to a lescer strain on the cordisrespiratory svitem
ant in an improved functioning oF working ruscles as & resuly of the training:
Resuits from other-cross-secticnal studies dealing with perceptual responses
to absolute work have suggzsted that active subjects parceive a givén wurkloza
to be less strenucus than do sedentary subjects (2,15).-However, in neither
of these studies was V0, max detarmined so that the degree of carsicvasculzr
fitness could not be assessed betvween greups. Furthermore, Nagle et al. (1%1)
in stucying successful and uncuccessful Olympic wresiiing candidates, Tound no

difference in RPE between these two groups despite the suzcessful group having

a higher V0: max and a lower HR submax 2t the s2me workload.

Althousk the reasons for the change 1in the HR-RPE relatiznship seen
cross-seétiona)ly.are not readily apparent, two possibilfties exist which

could accoust for such a finding. First, 1t may be that RPE s not as
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sensitive an indicator of the degree of exertion as ere varicus physiological

indicos.  Some suggestion of this is seen in view of the fact thet Groups 1

_and I1 were working at approximately 80% and 75¢% of their respective maximel

oxygen uptakes. This may rot represent a large encugh dit'Terence with respect

" to perceiving the amount of work -being performed,

‘o

= Another possible explanation 1ies in the type of work that was done,
It has been shown that RPE du'1ng subnaxima1 bjcyc1e erexc1se 15 highor than
eq&yvalent work perforré;\éé .he treadmill \5.8.{6}.aue ptesunably to a i
greater local factor contribution, 1.e., feeling of strain {n the working
muscles (8). This viould assume that with treadmill work local factors are
not as dominant and such central factors aé HR, VE and 2, become more
important. Reports in the Titeréture relating to the mechanisms by which .
the intensity of exertion is perceived sﬁpport the concept that ventilatory
varfables are more readily perceived during exercise than other central
factors (8,10,13,14). Indeed, Bakers and Terney (1) have shown that ventiiatory
rate and volume can be perceived wiFh a hiéh degrze of correlaticn between
actual {physical) and estimated (psychological) magnitude of variable. There-
fore, the small change of 5 1/min in (¢ scen in the present study between the
two groups at T,, may be a significant reason for the absence of any change
in the_perception of absolute s;bwaxim«] wo*k despite an .mproved maximal
aercbic capacity.

In most lohgitudinaI studies, the HR-RPt relationship has bean shovn to

. remain unchanged with training in that both are reduced at the same submaximal

workload (7,8,9). Linderholm (9) studfed Swedish militery conscripts before
and after 4 months of training. Both HR and RPZ wire reduced approximately

N
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2CY at the same subnaximal worklead fo]?nwinj’training. Essentially the scme
- finding was reported by Docktor and Sharkey {7). . Ratings at.a HR OF- 150 Har0mne e cemam e
. not altered Tollowing a 5-week training program. However, the time to reach °
a HR of 150 was significantly fncreased, thus it occu;}ed at & higher worklcad.

in another investigation at given submaximal {0, levels, RPE was reduced

A2 A O T Y

é i 1.5-2.0 roirts follewing training (8) Results frem the .longftudinal portion

. of the present stn“y support the above. f1nuings as seen by the dECTPcSQ in H§

BRI A -~;,‘&u M-v-&.‘

and RPL in Group 1 during the 6-month training period, This is, of course,

U & M S 1, 2 S

important to consider since a given work task in da{ly 1ife activity, suiches - -
in manuval work, shculd bée perceived more ea§11y. Howéver, the findings in
Group 11 of a decrease in HR and RPE during submaximai woﬁk'de:pité no further

1 change 1n ¥0; max with continued trafning is perpléxing. It may be that nafve

f subjects, such as used here, undergo a certain degree of "habituation®™ to the

} work or increase their efficiency during submaximal work which is reflected

: by decrease$ in both physio1ogic$1 and psy@hoIogicaI responses to the workload,
7 This may represent an inherent problem in the use of such subjects in a

Tengitudinal study. Another prob]eﬁ in the longitudinal approach are the -

[

demand characteristics placed on the subjects which become {mportant fn such

b @ N SO R L N

volitional assessments 2s RPE. One or both of these factors'ﬁay be partially

" e e e G s 8 1+
w:

-responsible for the changes seen in the longitudinai portion.of the study.

Although it was not the intention of this Study to examine the mechanisms

By e
———

; by which the intensity of exertion {s perceived; it {s of interest to note

*that changes 1in VE submax correlate well with the changes seen in RPE for both

the cross-secticnal and longitudinal comparicons, Althoudh RPE, a5 measured by

the Borg scale, is a general response resulting from multiple physiological
fnputs (8,12,13), it is suggested that ventilation §s one of the brinary cLes

to the perception of the {ntensiiy of submaximal work.
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Floure 1.

Ficure 2.

Ficure 3.
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Fiqure 5.

F1GLRE LECEN
Perceived exertion and heart rate during
1and II at T1,. é *SE, o
Perceived exertion and heart rate during

at Ty and Ta. R +SE,

Perceived exertion ard heart rate during

h'l.T‘l {\’.‘«d'.{g‘. .9 iS{-.- P A P P A P

R

.

Perceived cxertion and heart rate during
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